
FIgure 15 shows the distribution for all cases, It is strongly skewed

in the 
~~~ 

~~~ 
quadrant as expected from the previous distributions.

Figure 16 shows the four distributions for given P—categories . Ht~re art’

plotted the percentage of the total number of cases within a given citegory ,

instead of the actual number plotted in Figure 15. The number of cases In each

category Is listed . In comparing categories P(1), P(2) and P(3) there is a

def inite trend to rotate the major portion of the distribution from positive

B and negative B for morning aurora to positive B and positive B
y 

for

evening aurora, with single arcs occurring when the projected B Is pointing

northward (for small By)•

Because the hourly averaged values of the components of the magnetic field

are often only a rough indicator of the state of the magnetic field we selected

the cases of extremely high latitude auroras for which B and 1 stayed In the

same quadrant for two hours before the DMSP image was made. If the effect of

the direction of the IMP in the y—z plane is real, it should be more pronounced

for a magnetosphere subjected a longer time to the same condition . The distri-

butions according to P—category are shown in Figure 17. Again , the percentage

of the total is plotted , this time for each 300 interval in the direction of

B projected on the y—z plane . The number of cases in each category is listed .

The bin size is increased because the sample size Is so greatly reduced . The

distributions show the same trend found above: extremely high latitude auroras

tend to occur in local time preferentially with the direction of the inter-

planetary magnetic field in the y—z plane. Assuming B5 positive , 
they occur

in the morning for B negative (or for toward sectors) and in evening for

positive (away sectors). 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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In examining the occurrence of cap auroras in relation to other wind

parameters: n, the number density; v, the solar wind velocity; B, the magnitude

of the interplanetary magnetic field; and T, the temperature; only correlation

with v appeared to have obvious significance. Figures 18 and 19 show the number

of cases of extremely high latitude auroras distributed according to solar wind

velocity. Figure 18 Is the distribution for all cases. Figure 19 shows

the distribution for each P—category . The dashed line shows the distribution

for daily averages for the month of December, 1974, normalized to the same number

of cap cases. The monthly distribution is similar to that shown by Gosling

et al. (1976) for the solar wind in 1974,with well—developed high speed streams.

This distribution has a fairly flat peak for velocities between 400 and 600 kin/sec.

In 1972, the two stream wind had not yet developed and the most probable value

of the velocity was around 400 km/sec. The distribution for extremely high

latitude auroras has a most probable value between 650 and 700 km/sec, a

significant increase over the normal occurrence distributions.

When distributed according to P—category the shift to high solar wind

velocities remains except, perhaps, for single arcs: Category P(1). In fact,

all distributions appear to be made up of two parts: a low velocity distri-

bution centered about 450—500 km/sec and falling rapidly to either side; and a

high velocity distribution with most probable value between 650—700 km/sec.

Such a combination would give the rather strange dearth of cases between 500—600

km/sec. The low velocity distribution is not unlike the normal (slow stream)

solar wind velocity distribution and the inflation in the distribution for

cap auroras could simply be a reflection of the fact that such values occur

much more often. If this is the case we can conclude that extremely high

latitude auroras are much more likely to occur when the solar wind velocity

j is high.

I
_ _  

_ _ _ _ _ _ _ _ _ _
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For the midnight oval expansions, P(4), the distribution in low solar

wind values is almost entirely missing; 87% of the cases occur for solar wind

velocities greater than 550 km/sec. The next most convincing distribution

for high latitude occurrence at high solar wind velocities is for morning

auroras, P(2), where 74% of the cases occur for velocities greater than

550 km/sec.

The distributions for single arcs and evening arcs are nearly the

same ‘for the high velocity and low velocity values. Still the number of

high velocity cases is substantial.

Distributions for all cases of extremely high latitude auroras with

other solar wind parameters are shown in Figure 20. The density and magnetic

field magnitude distributions are quite similar to those found overall in the

solar wind. The temperature, too, while having a major part of the distribution

for larger temperatures than normal on the whole, is at values expected for

high velocity streams (Feldman et al., 1976).

To more clearly show the rather striking dependence of the occurrence

of cap auroras and solar wind velocity a summary of occurrence of cap auroras

and the variation of several parameters for November, 1974 is shown in Figure 21.

In the first panel the unshaded histogram gives the number of DMSP images on

a given day on which the correct latitudes and the proper gains appear so that

polar cap arcs could be seen if they were above the radiometer threshold.

The brightness of the full moon at the end of the month obscures all auroras.

The shaded histogram gives the number of DMSP images that do show extremely

high latitude auroras in categories P(1) to P(3). The percentage of cases

that occur for the number possible is given in the second panel. The third

panel shows magnetic activity as measured by the sum of (solid line), the

- _ _ _ _ _  ~~- _ _
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daily average of AE (dashed line) and the daily average of D
5~ 

(negative values).

Finally, the fifth panel shows the daily average of the solar wind velocity.

There is rather remarkable similarity between panels 2 and 4.

In retrospect, choosing DMSP images from winter 1974—75 to study polar

cap auroras may have been particularly fortuitous since it is also the time

of uncharacteristic high speed stream structures in the solar wind . The DMSP

images for this time have excellent quality and coverage. Often in image

after image arcs appear at latitudes greater than 800, creating the impression

of very high frequency of occurrence. Such high frequency does not seem to be

• characteristic of the Winter 1972—73. In addition, it has not been as easy

to find examples in more recent DMSP images as one would ascertain from the

1974—75 data base.

Discussion

To this point we have avoided discussion of how the occurrence of extremely

high latitude auroras do or do not fit into various magnetospheric models. The

data are presented in this austere manner to stress the variety of circumstances

under which the polar cap becomes significantly involved in magnetospheric

dynamics. Putting the case somewhat differently: using the results presented

above an effort was made to predict from magnetic activity and solar wind

conditions when auroral arcs would be present in the cap regions. The results

were unimpressive. Even more perplexing were case studies of successive passes

such as those presented in Figure 1 to 3. It was not difficult to find examples

of auroral activity maintained in the polar cap regions for time periods of

many hours, (Refer also to Figure 21.) No system of changes that could apply

from case study to case study was apparent. Indeed , it of ten seemed tha t j ust

the opposite of what one might expect actually occurs, Case studies can leave
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the impression that auroral arcs may occur at extremely high latitudes under

almost any set of ground magnetic and solar wind conditions as specified by

hourly averages, an impression which is reflected in the large scatter found

in all quantities correlated with occurrence.

A second caution applies to the data. When the survey of all DMSP images

was made it was assumed that the Winters of 1972—73 and 1974—75 were the best

choices because of the quality of the DMSP images: that they were more consis-

tently in proper gain states for detecting polar cap arcs. In the sample

discussed here more than 80% of the images were obtained during the winter

of 1974—75: the peak period for stable, recurrent high speed streams in the

solar wind, (Gosling et al., 1976). Holzer and Slavin (1979) show that the

efficiency with which energy is transferred from the solar wind to the

magnetosphere is much greater (about 50% greater) for high speed streams than

for normal speeds. They also suggest that the morphology of the interplanetary

magnetic field in the high speed streams may also differ greatly from the

normal case, Thus, the period frQm which the data in this study are extracted

may be atypical having much more favorable conditions for producing extremely

high latitude auroras than is otherwise the case. With these two points in

mind we consider the results,

One category of extremely high latitude auroras is distinctly different

from the rest: the oval auroras that expand poleward in the midnight sector,

those in Category P(4). These occur for conditions that are characteristic

of substorms: moderate to high K and AE; B southward and v large. Dependence,

if any, on B is obscure. At this point it is not possible to determine the

relationship of this class of active auroras to the entire spectrum of substorm
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events, it is quite clear , however , that the poluward boundary of the oval

can have very large fluctuations even in the midnight sector and for large

magnetic activity .

Consider the three remaining categories of extremely high latitude auroras:

P(1), P (2) ,  and P(3). All three have maximum o~t’urrence for similar magneto—

• spheric and solar wind conditions. These are:

a. the interplanetary magnetic field has a northward component ;

b. the solar wind speed is high ;

c. moderate mid—latitude magnetic activity, as measured by K1,;

d. low auroral zone magnetic activity as measured by AE .

In addition, they preferentially occur in the’ cap according to the direction

of the in terplanetary field in the y—z plane.

• Taken individually we find good agreement with previous studies in

conditions a) and d). Berkey et al. (1976) and Ismail et al. (1977) find that

• all the cases of sun—aligned polar cap arcs which they selected from the isis

data for study (approximately 50 cases) occur for B
5 northward (or undetermined).

The criterion used to select cases in the study presented here Is more inclus ive

than theirs and gives a sample similar in more respects to that of Lassen and

Danielsen (1978) who show that it Is possible for arcs in the’ morning sector

to reach latitudes greater than 800 for all val ues of B to —7y, although the’

mass density plots of the arcs increasingly show greater densities as B
5 becomes

more positive. We find , as well , that while the great majority of cases of

extremely high latitude auroras in the first three categories occur for

positive there is a substantial scatter Into negative values of B~ , more

prevalent for morning arcs (corresponding to the morning arcs of Lassen and

Danielsen), but also for P(1) (corresponding to the arcs in the studies of the

Isis data) and P(3).

~~~~- -—~~~~~~~~~~ -- --—--~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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The finding that extremely high latitude auroras in these categories

occur principally for low AE is consistent with the generally held notion that

occurrence of polar cap auroras anticorrelates with magnetic activity (Davis,

1963, Ismail et al. , 1977). The finding that peak occurrence obtains for

moderate K is not consistent with this notion. Instead of focusing on the

specific merits and problems of either index (AE is an indication of auroral

zone activity; K of subauroral zone or midlatitude activity) or of the use

of these in studying polar cap arcs, we suggest a somewhat different conclusion

may be drawn from the data presented here: namely, the occurrence of auroral

arcs at latitudes greater than 800 may more accurately be a function of the

ratio of K to AE, than of the two taken separately.

In a comprehensive study correlating magnetic indices and solar wind

parameters (three hour averages) Maezawa (1978) has shown that the ratio of

Am (a subauroral zone magnetic index) to AL (the nightside auroral zone, or

westward electrojet index) increases with the magnitude of B when B
~ 

is north-

ward. Thus, there can be significant transfers of energy from the solar wind

to the magnetosphere a) when B
z is northward, and b) without substantially

involving the auroral zones. Maezawa suggests overall compression and expansion

of the magnetosphere as the mechanism of energy transfer. It would be operable

for all values of B
z but apparent only when the auroral zone activity is

sufficiently quiet not to obscure the effects of this second mode of interaction,

that is, for those times of little substorm activity.

The pertinence of Maezawa’s study to this one is twofold. First, it

isolates situations of B northward and indicates that during such times the

ratio of Am to AL (read K to AE) may be an appropriate measure of the state

of the magnetosphere, systematically changing with at least one solar wind

~



parameter — the magnitude of the interplanetary magnetic field. Second , it does

not exclude the possibility that transfers of energy to the magnetosphere by

the mechanism that increases the ratio of A
m to AL and identifiable during t imes

of B northward, may also occur for B
5 
southward. Our study shows that extremely

high latitude auroras In Categories P(l)—p (3) are most likely not substorm

related. But it also shows that they do not occur when there is litt le’ or no

magnetic activity. That is, there must be an energy transfer to the magneto-

sphere to cause auroral phenomena at extremely high latitudes, but it need not

involve the auroral zones. Involvement of the extremely high latitude regions

simultaneous with involvement of the aurc,ral zones is not excluded (as may be

indicated by the scatter of occurrence of extremely high latitude auroras into

negative B5 values), although the transfer of energy to one region may be

more efficient when it excludes the other (as indicated by much greater

occurrence of extremely high latitude auroras when B5 is positive). Anti—

correlation of extremely high latitude auroras with magnetic activity

(undifferentiated) appears to be too simple a specification for the occurrence’ of

arcs in the polar cap.

At this point we must reconsider a problem alluded to earlier: the state

of the magnetosphere and the involvement of the polar caps under extremely

quiet conditions. Extremely quiet conditions will he loosely defined as times

f or which both K and AE are low and remain low for periods on the order of
p

hours. For such times the occurrence of extremely high latitude auroras, found

in this study, is low. Figure 21 shows that on November 18, 1974, both ~‘K and

AE had reasonably low values, but no extremely high latitude auroras were

observed. Characteristically, the DMSP images record only qu iet oval ares

or nothing during such periods. The problem is this: is the magnetosphere at
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times of extreme quiet, when presumably B
~ 

is northward steadily for hours,

in essentially a differen t state than other times of B nor thward , char-ac—

ten sed in this study by the occurrence of arcs in the polar cap; or are the

two states essentially the same and differentiated simply by intensity or the

amount of energy transferred to the cap? If the latter were the case, particles

(electrons) would precipitate into the cap regions in essentially the same

configurations and by means of the same acceleration mechanisms for all B5

north situations. But, for extremely quiet times the energy fluxes would be

less and presumably below detectability by the DNSP radiometer. Clearly such

a question can only be answered by examination of particle data. Nevertheless,

it may be the case, as suggested by the Maezawa study and the results of this

study, that a hierarchy of magnetospheric states exists for B
z 
northward which

are as complex and varied as the storm and substorm conditions during B5

southward; and while these states may involve a lesser transfer of energy than

for B south the mechanisms of transfer may be equally fundamental to a magneto—

spheric dynamics.

Finally we turn to the question of how solar wind energy transferred to the

magnetosphere during times of northward B5, and transferred particularly to the

polar cap regions (and presumably to their extension, the tail lobes), results

in arc formation.

)laezawa’s (1977) energy transfer to the magnetosphere for positive B5 has

little, if any, dependence on the solar wind velocity v. However, we find

extremely high latitude auroras occur preferentially for high v. In addition,

the position of their occurrence depends on the direction of B in the y—z plane.

Therefore , these parameters may relate more directly to the mechanism of energy

transfer rather than to the amount of energy transferred.
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Two quantities which depend strongly on v and the direction of B are the

• convection electric field in the solar wind (E —v x B); and the position

and rate of dayside merging . ‘ew comprehensive theories have been developed to

relate the convection electric field in the solar wind to the convection electric

field in the magnetosphere and, in particular , in the polar magnetosphere at times

when B is northward .

Electric fields are usually invoked to explain the production of discrete

oval arcs. Ismail et al. (1977) find the ratio of spectral lines 5577 ~ and

t 3914 ~ in sun—aligned polar cap arcs similar to those in discrete oval arcs.

The discrete oval arcs generally occur in regions of reversals of the convection

electric fields. The convection electric field at high latitudes may result

from viscous interaction of the solar wind and the magnetosphere or by magnetic

field merging, or, indeed , by a combination of the two. (See Crooker, 1978 ,

and the references therein.) The electric fields consequent to magnetic merging

have generally been treated for a southward directed B
5. Crooker (1979) used

~pen field line merging during times of northward B5 
along with viscous inter-

action on the closed field lines as the source of high latitude and polar cap

convection electric field patterns. The strength of the field depends on the

merging rate and, therefor e, on v. The regions of merging (where the inter-

planetary and magnetospheric fields are anti—parallel) are determined by the

direction of B in the y—z plane. For both B~ and B5 positive the convection

flow in the north polar cap is antisunward in the morning and the return flow,

sunvard flow, is in the evening. (The reverse is the case for B negative
y

and B
~ 
positive.) The resulting convection electric fields are dawn to dusk

in the morning and dusk to dawn in the evening. Maezawa , ( 1976) ,  f inds

PI~FIiiiiiiuiiiiiiiiiiiiiiiiiiiiiiiiiis~~ .s,ss,...._ 
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evidence of a reversed , dusk to dawn, electric field for northward B in ground

magnetometer records after the effects of B are removed. Burke et al. (1979)

have examined polar cap electric fields as measured by S3—2 for times of

• B northward and find both irregular electric fields across the cap (a series of

many reversals) and large regions of reversed (dusk to dawn) fields. Combining

the predicted B
y dependence of the cap convection patterns with the statistical

results presented here we can conclude that extremely high latitude auroras

are found to occur preferentially in the region of predicted reverse (sunward)

flow , or the region of dusk to dawn electric fields in the cap.

The region of predicted sunward flow, which is the region where arcs occur

preferentially f or B
~ 
positive and a given B is on the opposite side of the

cap from:

a) the region of increased electric fields (Heppner , 1972) ;

b) the region of increased low energy electron fluxes (Meng et al.,

1977) ;

c) the region that maps into the tail lobe in which the plasma mantle is

preferentially observed, (Hardy et al., 1979).

All three depend on B
y 

in the opposite sense that occurrence oZ extremely- high

latitude auroras do.

It should, however, be noted that none of the three findings in a), b), or

c) differentiate between B northward and B
~ 

southward, and there is some evidence

that the signatures in all three cases occur more clearly for B
5 
negative.

Burke et al. (1979) found more cases of irregular electric fields across the

cap during times of B northward. These would not have been included in the

study of B~ dependence made by Heppner (1972). No information on B
~ 
is presented

in the study by Meng et al. (1977) with the exception that the one case study

C.
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shown, which lasted over several hours , occurred for a southward B5. And it

was noted by Hardy et al. (1979) that streaming plasma reaches lunar distance’,

where the study was made , more f requently f or B
5 
southward.

The point is this: the three quantities increasing together on one side

of the magnetosphere foz~in a coherent picture. An increased dawn to dusk

electric field increas i convection of dayside magnetosheath and cusp particles

into the same side of the magnetosphere, thereby “filling” it with particles.

The low energy electrons precipitate into the caps; the more energetic protons

continue streaming anti—sunward while expanding into the tail lobes.

What is required fQr auroral arcs in the polar cap is quite a different

set of circumstances. We need an electron population above the caps asymmetric

in B~ in the opposite sense described above. (It is possible that there are

always enough particles in the tail lobes to fulfill requirements for arcs

thinly distributed over the large spatial extent of the cap. But the point

‘will not be argued further.) More importantly an acceleration mechanism is

required that vi].]. produce arcs similar to those in the auroral oval. It must

be highly spatially structured and capable of lasting more or less constantly for

hours , If discrete arcs and reversals of the convection electric field occur

together then regular increases in the convection electric field would not

produce arcs. More appropriate to arc formation in the caps would be irregular

convection fields which are highly spatially structured . Therefore, it is quite

likely that the conditions for extremly high latitude auroras are not as

orderable as are mechanisms that produce more smoothly varying parameters in

the polar caps. The orderability of phenomena in the cap may be much greater

for a southward B .  Or there may be a variety of states for B
~ 

nor th , only

some of which can respond to B to give increases in the convection electric

—~~ 
S
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field , low energy precipitating electrons and the plasma mantle as described

above. These questions remain to be investigated .

Finally one additional characteristic of extremely high latitude auroras

should be mentioned . The three categories P(1), P(2), P(3) are also differen-

tiated by the far more frequent occurrence of morning auroras, P(2), than single -
•

arcs, P(l), or evening arcs, P(3). This fact has been mentioned in nearly

every study of polar cap arcs, but the substantial dawn—dusk asymmetry it implies

for auroral morphology has never been comprehensively treated . The study of

Lassen and Danielsen (1978) is the closest to such a treatment. The oval In

the morning sector much more readily expands poleward than in the evening sector.

Summary

The polar caps are the extremely high latitude regions of the near—Earth—

magnetosphere. They are most clearly differentiated from the surrounding

regions, the auroral zones, when quantities such as precipitating particles,

electric fields and magnetic fields, have comparatively low values and small

variations. The magnetic field lines terminating (or originating) in the cap

are swept back from the Earth to form the high latitude lobes of the tail.

The field lines in the lobe generally remain open, but may close when the

magnitude of the magnetic field is very small. The field lines connecting to

the polar caps, being open, can act only weakly, if at all , to store the

particles responsible for auroral ares. En addition, the high latitude tail

lobea are ‘protected ’ from solar wind variations since they are surrounded by,

but not themselves in magnetospheric boundary regions. The polar cap regions

should be regions where not a great deal happens; and most often that appears

to be the case.
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• We have presented here a st at t at i ca l  s tudy of those situations in which

the polar caps are not quie t  and unI fo rm , but are’ invade’d by accelerated ,

prec ip i t a t ing  par t ic les  in quan t i t i e s  s u f f ic i e n t  to  produce ’ auror al  arcs.  The

involvement of the cap (only arcs in the north polar cap were’ stud led) Is

greatest a t t lines of B northward , and at t tint ’ s when the magnet Ic act lv i i  v as

measured on the ground derives f rom other than oval a c t i v i ty .  The Involvement

of the cap can last for- several hours and it is also sensit ive ’  to  the’ sign of

B .
y

The existence of s table arcs at such high l~ t Rude’s indicate’s either a

significant change in magnetospheric configuration , or In the dynamics ot

par t ic le  moti on , or both.  This raises the further quest ion of bow condit tons

that  lead to ares in the cap re la te  to other condi t ions  of B nor th ,  it is
S

also unclear -  what characterizes the e L e c t r i c  f i e l d  configura t  tons , t he pa r t i c l e

entry awe han isms f rom the magnet osheat h and the’ magnet ospht ’r It ’ current  syst e’ms

during the~ t’ t i mes.

in particular , cases of extre’me nutgnetosphe’r le qu iet  nee’d to he Invest I—

gated in relation to times of quiet  oval aurora with ares In the polar cap

to determine whether the two sta te ’s are’ esseut t a l ly  d i f f e r e n t  from one another

or represent the chronology of a sing le process of decay i nto a st ~i t  e of

magnetospheric quiet .
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Figure Captions

Figure 1. Traces of successive DMSP images showing the development of

extremely high latitude auroras into the morning sector on

November 11, 1974. The dashed lines are at constant corrected

geomagnetic latitudes of 700 and 80°. The solid lines indicate

geomagnetic local times of noon—midnight and 06—18. The lef t-

hand column are traces from the noon—midnight Satellite #31;

the right from the dawn—dusk Satellite #32. A and A ’ show

no extremely high latitude auroras. B—C ’ show development of

auroras into the morning cap at latitudes greater than 800.

D and D ’ show a “polar cap” arc.

Figure 2. The format is the same as in Figure 1. Extremely high latitude

auroras on November 15, 1974, are shown occurring both in the

morning and in the evening sectors.

Figure 3. The format is the same a-a in Figure 1. Extremely high latitude

• auroras on November 22, 1974, and November 13, 1974, are shown

occurring in the midnight and in the morning sectors.

Figure 4. The number of cases of each type of extremely high latitude aurora

(f or definition, see text) in the —300 cases found in Winters

1972—1973, 1974—1975, recorded on DMSP images.

Figure 5, The distribution of all cases of extremely high latitude auroras

according to K
p

- 

j Figure 6. The distribution of extremely high latitude auroras, by category

(see text), according to K~,.

Figure 7. The distribution of all cases of extremely high latitude auroras

according to AE in SOy bins (solid line). The dashed line shows
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the distribution of hourly averages of AS in 50y bins for

November, 1974 when the number of hours is normalized to the

number of cases of auroras .

Figure 8. The distribution of extremely high latitude auroras, by

category (see text), according to AS.

Figure 9. The relationship of AS and K~ for extremely high latitude auroras,

by category.

Figure 10. The distribution of all cases of extremely high latitude auroras

according to D
st in lOy bins (solid line). The dashed line shows

the distribution of hourly averages of D
5t in lOy bins for November,

1974 when the number of hours is normalized to the number of cases

of auroras .

Figure 11. The distribution of extremely high latitude auroras, by category,

according to D
t.

Figure 12, The distribution of extremely high latitude auroras according

to the z-componen t (in solar magnetospheric coordinates) of the

• interplanetary magnetic field in ly bins .

Figure 13. The distribution of extremely high latitude auroras, by category,

according to B
~
.

Figure 14, The distribution of extremely high latitude auroras according to

components (in solar magnetospheric coordinates) of the inter.-

planetary magnetic field in ly bins, The top panel is the

x—component; the bottom the y—component. The dashed lines give

half weight to cases in toward sectors,

Figure 15, The distribution of all cases of extremely high latitude auroras

according to the direction of the interplanetary magnetic field

in the y—z plane, The bin width is 100
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Figure 16. The distribution of extremely high latitude auroras by category

according to the direction of the interplanetary magnetic field

in the y—z plane. The percentage of the total in each category

is plotted in bin widths of 100.

Figure 17. Same as Figure 16 except that the cases of extremely high latitude

auroras chosen for these plots occurred during times when the IMF

was in the same quadrant in the y.-~z plane for the two hour period

prior to the occurrence of auroras (as determined by the hourly

averaged values).

Figure 18. The distribution of all cases of extremely high latitude auroras

according to the solar wind speed (solid line). The dashed line

shows the distribution of daily averages for December, 1974,

normalized to the number of cases of auroras.

Figure 19. The distribution of extremely high latitude auroras, by category,

according to the solar wind speed.

Figure 20. The distributions of all cases of extremely high latitude auroras

according to the number density, the magnitude of the magnetic

field and the temperature of the solar wind .

Figure 21, A composite of the occurrence of extremely high latitude auroras and

pertinent magnetospheric and solar wind parameters for November,

1974. The top panel shows the number of DMSP images per day that

gave good polar cap coverage (unshaded histogram) and the number

that showed extremely high latitude auroras in categories 1—3

(shaded histogram), The second panel shows the percentage

occurrence of the auroras in categories 1—3 (the ratio of the

values in the top pane! times 100), The third panel gives the 
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daily sum of the K~ (unshaded) and the average of the hourly values

of AS (shaded). The fourth panel gives the average of the hourly

D5~ 
values. The fifth gives the average of the hourly solar wind

speeds.
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